We examined the expression and localization of the gap junction proteins connexin32 and 43 in rat submandibular and sublingual glands. Westem blot analysis with anti-conne~in32 and 43 antibodies showed bands of approximately 27 KD and 43 KD, respectively, in both glands. Immunofluorescence microscopy demonstrated the presence of reactive spots for connexin32 between acinar cells in both glands. The frequency of connexin32-positive spots in the submandibular glands was approximately equal to that in the sublingual glands. In contrast, reactive spots for connexin43 were observed at the periphery of the alveolar structures in both glands. The connexin43-positive spots in the sublingual glands were more frequent and larger than those in the sub-
Introduction
Gap junctions (GJs) are the transmembrane channels that directly link neighboring cells and mediate reciprocal exchange of less than 1 KD molecular weight metabolites and ions, including second messengers such as CAMP and Ca2'. GJ intercellular communication is believed to play an essential role in maintenance of homeostasis, coordination of secretion, morphogenesis, cell differentiation, and growth control in multicellular organs (Loewenstein, 1987; Bennett and Spray, 1985) . In the salivary gland cells, GJs have been studied electrophysiologically since the first report by Kanno and Loewenstein (1964) . who demonstrated the existence of lowresistance coupling between salivary gland cells of Drosophila. Ultrastructurally, it also has been shown that GJs occur between acinar cells, between myoepithelial cells, and between acinar cells and myoepithelial cells in rat salivary glands (Shimono et al., 1980 (Shimono et al., ,1992 Fumagalli and Shimono, 1990; Dunn and Revel, 1984; Tandler and Cohan, 1984) .
The connexins (CXs) comprise a family of GJ structural proteins that form hexameric assemblies in the plasma membranes of adjacent cells and interact to form intercellular channels. Many different CXs with various degrees of sequence homology have been Correspondence tO: Dr. T. Muramatsu, Dept. of Pathology, Tokyo Dental College, 1-2-2, Masago, Mihama-Ku, Chiba 261, Japan. mandibular glands. No positive spots for both were detected between duct cells in either gland. Immunoelectron microscopy revealed that comexi1132 was localized to the gap junctional membranes between acinar cells. Immunolabeling for co~exin43 was located on the gap junctions between thin processes of myoepithelial cells. These results suggest that connexin32 of the gap junction is associated with regulation of the secretory function of acinar cells and that connexin43 is assoCiated with that of contraction of the myoepithelial cells in rat salivary glands. (JHistOchem Cyrdem &49-56, 19%) KEY WORDS: Connexh32; Connexin43; Gap junction; Submandibular gland; Sublingual gland; Acinar cell; Myoepithelial cell.
found. These are distinguished by reference to CX molecular weight as predicted from the corresponding cDNA (Beyer et al., 1987 . These CXs are differentially expressed in a variety of tissues and are believed to reflect cell-specific regulation of GJ coupling and functional demands for GJs in different cell types. Among these CX types, connexin32 (CX32) and connexin43 (CX43) have been chiefly investigated in various tissues. CX32 is a 27 KD protein derived from rat hepatocyte GJs (Nicholson et al., 1987; Kumar and Gilula, 1986; Hertzberg, 1984) and CX43 is a 43 KD protein that was originally identified in the intercalated disc of mammalian cardiac myocytes (Green and Severs, 1993; Harfst and Severs, 1990; Beyer et al., 1987 Beyer et al., ,1989 . Recently, the expression, localization, and distribution of these CXs have been investigated in various organs by use of specific monoclonal antibodies (MAbs). In exocrine glands such as mammary glands, GJs between acinar cells are composed of CX32 (Perez-Armendariz et al., 1995; Meda et al., 1993) . In the salivary glands, Meda et al. (1993) have found expression of high levels of cX32 and variable levels of CX26, but no CX43, by immunostaining and Northern blot hybridization. The 27 KD CX expression has been also examined by immunohistochemistry and immunoblotting (Hirono et al., 1995; Sugita et al., 1994) . However, no detailed study has been described about the immunocytochemistry of CX32 and CX43 in the submandibular gland (SMG) and sublingual gland (SE).
The purpose of this study was to investigate the expression and 49 localization of CX32 a n d CX43 in t h e cells of rat SMG a n d SLG by immunoblotting, immunohistochemistry, a n d immunocytochemistry and to discuss the relationship between CXs and cell function in both SMG and SLG.
Materials and Methods
Animals and Tissue Preparation. Twenty-four adult male Sprague-Dawley rats weighing about 300 g were deeply anesthetized with sodium thiopental and SMG and SLG were obtained. After dissection, glands were quickly frozen with liquid nitrogen and stored at -4O'C for experiments involving Western blot analysis and immunohistochemistry.
For immunocytochemistry. the procedures were carried out according to Koike et al. (1993) . Perfusion-fixation with 1% paraformaldehyde-0.1 M phosphate buffer (PB) was performed transcardially. and both SMG and SLG were removed. The samples were cut into small pieces and post-fixed in the same fixative for 5 hr.
Antibodies. Mouse MAb anti-CX32 (6-3Gll) was kindly supplied by Dr. F. Ueda (Nippon Shinyaku; Kyoto, Japan). This MAb binds to a cytoplasmic epitope. the carboxy-terminal domain of CX32 (Tikeda et al., 1988) . Mouse MAb anti-CX43 (amino acid sequence 252-270; Zymed Laboratories, San Francisco, CA) was used.
Wmem Blotting. Frozen tissues were homogenized in 1 mM NaHCO3 buffer (pH 8.0) with 2 pglml leupeptin using a Teflon-glass homogenizer with loose-fitting pestles. The homogenate was filtered through four layers of gauze, centrifuged at 1500 x g at 4°C for 15 min. and pellets were washed twice with the homogenizing buffer. The protein concentration of the pelleted material was determined by the Lowry method with bovine serum albumin (BSA) as the standard. The resulting pellets of each tissue were suspended in equal volumes of sample buffer containing 62.5 mM Tris-HCI (pH 6.8). 10% glycerol, 5% P-mercaptoethanol, and 2% SDS, as previously described by Laemmli (1970) . Samples (50 pg protein) were heated in boiling water for 2 min, subjected to electrophoresis on 12% SDSpolyacrylamide gels (30 mA. 1.5 hr). and electroblotted onto nitrocellulose membranes(9 V, 1.5 hr). After transfer, membranes were blocked with 3% BSA-0.01 M PBS (BSA-PBS, pH 7.6) for 30 min and then incubated with anti-CX32 and anti-CX43 antibodies diluted 1:lOOO in BSA-PBS overnight at 4'C. Membranes were washed three times for 5 min each in TBS-T (20 mM Tris. 137 mM NaCI. pH 7.6, with 0.2% Tween-20) and were incubated with a horseradish peroxidase (HRP)-conjugated anti-mouse IgG antibody (Sigma; St Louis, MO) for 1 hr. After washes for 15 min with TBS-T with changes every 5 min. membranes were developed with 50 mM Tris-HCI buffer (pH 7.4) containing 0.02% 3,3'-diaminobenzidine hydrochloride (DAB) and 0.005% H202. The following proteins were used as molecular weight markers (Promega; Madison, WI): phosphorylase b ( M W 97,400); bovine serum albumin (66,200); glutamate dehydrogenase (55,000); ovalbumin (42,700); carbonic anhydrase (31,000); and soybean trypsin inhibitor (21,500).
Immunohistochemistry. For immunohistochemistry, indirect immunofluorescence was performed on the non-fuced cryosections. The salivary glands were embedded in OCT compound (Tissue Tek; Miles, Elkhart. IN) and quickly frozen with liquid nitrogen. They were sectioned at about 6 pm thickness at -2O'C and the sections were mounted on glass slides. Nonspecific binding was blocked with BSA-PBS for 30 min; then they were incubated with MAb anti-CX32 (diluted 1:lOOO in BSA-PBS) and anti-CX43 (diluted 1:lOOO in BSA-PBS) for 12 hr at 4'C. After rinses in PBS three times for 5 min each, specimens were incubated with fluorescein isothiocyanate (FIX)-conjugated antibody (Cappel; Durham, NC) to mouse IgG diluted 1:200 in BSA-PBS for 1 hr, washed three times for 5 min each in PBS. and observed under an immunofluorescence microscope (Olympus BHT-RFK; Olympus, Tokyo, Japan).
For quantitation, color slides were projected at a final magnification of x 100. The numbers of fluorescent spots were scored. Data were expressed as the number of immunolabeled spots per 10,000 pm2 of tissue. The data were analyzed statistically by Mann-Whitneyf U-test. The criterion for statistical significance wasp = 0.05.
Immunocytochemistry. For pre-embedding immunocytochemical analysis, the salivary glands were sectioned after fixation at 30 pm thickness by using a microslicer (DTK 2000; Dosaka EM, Kyoto, Japan). The sections were rinsed in PBS for 24 hr and then blocked with BSA-PBS for 30 min. Primary antibodies for CX32 and CX43 were diluted 1:1000 in BSA-PBS and the sections were incubated for 12 hr at 4'C. They were washed in PBS for 12 hr at 4'C and incubated with 5 or IO-nm colloidal gold conjugated with anti-mouse IgG (Zymed) diluted 1:20 in BSA-PBS for 12 hr at 4'C. After rinsing in PBS for 12 hr. they were post-fixed in 1% 0~04-0.1 M PB for 1 hr. Then the sections were dehydrated and embedded in resin (Epon 812; TAAB, Reading, UK). Selected areas were trimmed under light microscopy. Ultra-thin sections (80 nm) were mounted on mesh grids and examined with a transmission electron microscope UEOL IOOCX; JEOL. Tokyo, Japan) after staining with uranyl acetate and lead citrate.
For ultra-thin cryoxctions. specimens were quickly frozen in liquid nitrogen after cryoprotection in 2.3 M sucrose-0.1 M PB for 1 day at 4'C and then cut into 100-nm thick sections on a Reichert Ultracut S equipped with an FC4E cryoattachment (Reichert; Vienna, Austria) at -IOO' C. These ultrathin cryosections were immunostained as in the pre-embedding method. The sections were dehydrated and were embedded in acrylic resin (LR White; London Resin, Hampshire, UK). and examined by electron microscopy.
Results

Western Bfotting
T h e results of Western blot analysis of rat SMG a n d SLG homogenates are shown in Figure 1 to CX32, protein was immunodetected as a single band at approximately 27 KD in both SMG and SLC (Figure la) . Western blot analysis with the anti-CX43 antibodies indicated the consistent immunodetection of a single band at approximately 43 KD in both glands (Figure 1b) . The presence of CX32 and CX43 in both glands was confirmed by Western blot analysis.
Immunohistochemistry
Fluorescence spots that reacted positively with anti-CX32 antibody were observed in acinar cells of both SMG and SLG (Figure 2a) . At higher magnification, punctate decoration was detected on the lateral side of the acinar cells. Immunolabeling was absent on the luminal and basal sides of the acinar cells (Figure 2b) . The frequency of the CX32-reactive spots in rat SMG was analogous to that in S E (Figure 2a ). However, no positive spots for anti-CX32 antibody were detected between duct cells in either gland (Figures  2c and 2d) . Immunofluorescence-labeled spots for CX43 were located at the periphery of the acinar structures in both glands (Figure 3a) . The positive spots in SLG were more common and larger than those in SMG. In the latter, only sparse punctate decoration could be observed at the periphery of the acinar structures (Figures 3a and   3b ). At higher magnification of the acini in SLG, immunofluorescence labeling was obviously located on the basal side (Figure 3c ). Positive spots for CX43 were not detected in duct cells of either SMG or SLG (Figure 3d ).
The numbers of fluorescence spots for cX32 per 10,000 pm2
were 100.4 k 17.7 (n = 15) in SMG and 110.5 * 15.2 in SLG (n = 8) in S E . Those for CX43 were 13.7 2 3.4 (n = 9) in SMG and 64.1 2 6.6 (n = 13) in SLG (Figure 4 ). The differences in CX43 between SMG and SLG were statistically significant at p = 0.05.
Immunocytochemistry
In ultra-thin cryosections, intracytoplasmic structures were poorly preserved because of the fixation conditions. However, plasma membrane, mitochondria, elements of endoplasmic reticulum, dense bodies, and filamentous structures were relatively well-preserved.
By the presence of those organelles and electron-lucent spaces indicating secretory granules or elongated endoplasmic reticulum, it was possible to distinguish acinar cells from myoepithelial cells in both glands. The preservation of cellular structures was better in pre-embedded ultra-thin sections than in cryosections, although the former method resulted in weak immunolabeling. Particles for CX32 were observed at GJs between acinar cells of SMG and SLG both with the pre-embedding method and in cryosections. In the latter, particles were detected at closely apposed plasma membranes of cross-sectioned acinar cells that contained mitochondria, dense bodies, and electron-lucent spaces. At higher magnification, immunogold particles were evident on both cytoplasmic sides of the GJs (Figure 5a ). In tangential sections, immunolabeling was located over the junctional membranes but not over the adjacent cytoplasm of the acinar cells (Figure 5b ). In addition, with the pre-embedding method immunolabeling particles could be detected on the cytoplasmic sides of the cross-sectioned junctional membranes (Figure 5c ). No immunolabeling for CX32 was found in duct and myoepithelial cells of both glands. Immunolabeling particles for CX43 appeared on the GJs between processes of myoepithelial cells, which contained abundant cytoplasmic filaments but scanty organelles (Figure 6a) . A small number of immunogold particles was distributed at the cytoplasmic sides of the junctional membranes on the cross-sectioned specimens (Figure 6b) . No immunolabeled particles for CX43 were detectable in duct and acinar cells of both glands.
Discussion
Many morphological investigations on GJs in salivary glands have been reported using electron microscopy and freeze-fracturing (Nagato and Tandler, 1986; Shimono et al., 1980; Nishihara, 1978; Sugiura, 1978; Young and Van Lennep, 1978) . Moreover, Young and Van Lennep (1978) have suggested the presence of GJs between ductal cells. On the other hand, our immunohistochemical results clearly demonstrated the absence of CX32 and 43 between ductal cells in rat SMG and SLG. Preliminary experiment showed that CX2G-reactive spots were also absent in duct regions (unpublished data). These findings support the results of electron microscopic and freeze-fracturing studies by Shimono et al. (1980) . who showed the presence of GJs between acinar cells, between myoepithelial cells, and also between acinar cells and myoepithelial cells, but not between duct cells.
There are few immunohistochemical studies of CXs expression in the salivary glands (Hirono et al., 1995; Sugita et al., 1994; Meda et al., 1993) . The presence of CX32 and CX26 in the parotid, submandibular, and sublingual glands has been demonstrated. However, Meda et al. (1993) described no expression of CX43 in rat salivary glands. Moreover, immunocytochemical investigations showing the localization of these proteins in the salivary glands are totally lacking. Our results of Western blot analysis and immunofluorescence indicate that CX32 exists in the rat SMG and SLG and is localized exclusively between acinar cells. It is conceivable that endopieces of the SLG are homocrine, possessing only mucous acini in rats (Young and Van Lennep, 1978) . Our results therefore indicated the presence of CX32 between mucous cells in SLG and between seromucous cells in SMG of rats. These findings suggest that GJs containing CX32 may be important for regulation of saliva secretion in acinar cells. We previously reported (Muramatsu et al., 1995) that the immunoreactive sites for CX32 increased during development in rat SMG and that these results indicated a role of this protein not only in growth and differentiation of acinar cells but also in the regulation of secretory function.
Our immunofluorescence study indicated that CX43 could be detected at the periphery of the alveolar structures in both glands. However, because it is known that CX43 exists between fibroblasts (Crow et al., 1990; Beyer et al., 1989) , it is still an open question whether this protein is really localized between myoepithelial cells and not at the level of fibroblasts, which are present in the interlobular and intralobular connective tissue of the salivary glands. On the other hand, Perez-Armendariz et al. (1995) reported that CX43 was detectable between myoepithelial cells in the rat mammary gland, and our immunocytochemical findings did confirm that CX43 was located exclusively in GJs between myoepithelial cells of salivary glands.
Acinar cells in the SLG are predominantly mucous; therefore, myoepithelial cells are well-developed to facilitate the secretion of these very viscous materials. We measured the numbers of fluorescence spots for CX43 in SMG and S E , and we found that the differences between the two glands were statistically significant at p = 0.05. These results may be related to the differences in the CONNEXIN32 AND 43 IN RAT SUBMANDIBULAR AND SUBLINGUAL GLANDS I r r _ y . . 8 1 ?
'w'x* Figure 6 . Electron micrographs of CX43 expression in the SLG using the pre-embedding method. (a) lmmunogold particles for CX43 can be found between myoepithelial cells (My), which contain abundant intracytoplasmic filaments in SLG. Gold = 5 nm. ... degree of development and volume of myoepithelial cells shown by SEM (Nagato et al., 1980) in both glands. Our results showing the Presence of many spots of cx43 between myoepithelial cells suggest that coupling to coordinate contraction of myoepithelial cells plays an important role in expelling the viscous materials from the acinar lumen in the SLG.
